Our long term goal is to use measurements of time varying stratified flow past topography to develop robust models of the relevant processes, including establishment of the high drag state, the role of boundary layer separation, friction and entrainment, and the generation, propagation and dissipation of internal solitary waves. .
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• C Garrett at the University of Victoria is a collaborator who has contributed to development of theoretical models.
• L Armi is a physical oceanographer from Scripps Institution of Oceanography who has participated in field experiments and analysis.
• J Moum is a physical oceanographer at Oregon State University with whom we are collaborating in our study of internal solitary waves over the Oregon Shelf.
• B Baschek is a graduate student at the University of Victoria who is studying strongly forced flows and their consequences, especially for air entrainment.
• F Gerdes is a graduate student at the University of Victoria who is studying two-way exchange flow in the Bosphorus. 
WORK COMPLETED
This year we completed our analysis of strongly forced flow over a sill and addressed an issue of the interpretation of observations in the light of some prior numerical modeling efforts that fail to properly account for effects due to boundary layer separation. An analysis of stratified flow past a headland was completed. Observations of internal solitary waves over the Oregon continental shelf were analysed so as to determine their evolution under the influence of changing stratification, current and water depth. In order to prepare for a forthcoming Oregon shelf study, a small rubber boat has been fitted with acoustic and other instrumentation to assist in detailed examination of the wave properties, and this boat has been tested in a field study in Knight Inlet. Data acquired in the Bosphorus has been analyzed to reveal the consequences of friction and entrainment. A two-layer model which explores the consequences of these effects on controlled flows has been developed.
RESULTS

1.
Our observations of internal solitary waves over the Oregon Shelf, show how they decelerate as they move inshore, under the influence of dissipation and environmental factors (Figure 1 ).
2. Our studies of the transition of strongly forced flows over a sill show the way in which control may be lost over the sill crest, a result which has been successfully compared with layered models as shown in Figure 2 (from ).
3. A controversy over the mechanism by which stratified flow over topography makes the transition to the high drag state, has been shown to result from a failure of numerical models to properly account for boundary layer separation, thus clarifying the role of processes omitted from the models ).
4. It has been shown that entrainment in two layer flows tends to push the flow towards the controlled state, a mechanism of importance in exchange flows such as occur in the Bosphorus (Gerdes, Garrett & Farmer, 2001 ).
5. Separation of flows past headlands have been shown to lead to three-dimensional effects that can result in greatly enhanced turbulence and mixing . 
IMPACT/APPLICATIONS
These results contribute to our ability to predict flows in stratified coastal environments, especially in the presence of topography and tidal or estuarine forcing, by demonstrating the underlying mechanisms that have to be incorporated in robust fluid dynamical models.
RELATED PROJECTS
J Moum's ONR funded studies of topographic flows over the Oregon Shelf; M Gregg's studies of flow in the Bosphorus; L Armi's studies of instability and related phenomena in stratified flows. 
